The Information and Communication Technologies exercise a great impact on the ways people work, communicate and interact, and contribute considerably to the development of learners' skills. However, the use of Information and Communication Technologies cannot lead to the development of high-order skills and of critical thinking, if not combined with the appropriate teaching methods.
Introduction
One of the basic differences between traditional and technology-based education is the emphasis given by the latter on various multi-sensory presentations in teaching and the rejection of older behavioural approaches and methods. Computers are becoming even more user-friendly, exploiting new modes of codification and sophisticated technologies, transferring data based on sound, image, and hypertext and forming conditions of a virtual reality. Software ceases to be situated on the end users devices and is being provided through the Internet itself (Giavrimis, Papanis & Roumeliotou, 2009) . Texts are becoming dynamic, capable of modification by a plethora of users at the same time and notions, like 'social mechanisms' and 'network communities' have now become a reality. Unfortunately, the developers of educational policies often realize the great potential of technologies when those have already become passé. Moreover, and surprisingly enough, the use of the internet has not yet become a broadly followed practice into the Greek educational context. If such paradoxes are overcome, the computer-based learning often have to reproduce information and to memorise, at the moment that deeper learning, which creates critical thinkers, requires analysis of data, evaluation, testing of hypotheses, problem solving, planning and reflecting.
Technologies, thanks to their great potential and motivational character, energise the learners to gain control over their learning, to interact, to engage in complex mental situations and efforts. The results of researches concerning the impact of ICT on the enhancement of critical thinking indicate statistically significant correlations between studying within a technology-rich environment and the possession of critical thinking skills (Lee, 2002) . McMahon (2009) found that the students who had been using ICT for more than five years possessed more critical thinking skills in comparison to those who had been using it for less than five years.
The wealth of resources available on internet develops inquiry skills, provides access to the world of knowledge and requires learners' critical thinking, in order to decide which information to accept and absorb and which to reject.
The visual nature of many educational technologies, the simulations and the animations contribute to in depth conceptual understanding, as they facilitate the creation of cognitive representations of difficult or unfamiliar to the learners notions and concepts (Passey at al., 2004; Livingston & Condie, 2003) . Thus, having comprehended completely a new concept, the learner can think of it critically, forming personal representations. Simulations, in particular, are considerably useful for the understanding of difficult-to-grasp scientific principles and relationships, while animations, according to Cox et al. (2003) , challenge pupils' thinking through providing experiences which result in cognitive dissonance or conflict. The problem solving situations prompt pupils to try various approaches, in order to find the most appropriate solution, and the online role games develop collaboration strategies and communication skills.
Most of the reactions against computer-based learning stem from the "fear of the unknown", since autonomous learning is a relatively new practice in the field of education and its outcomes are often considered subversive. The digital environment may seem threatening, or even dangerous, to states which violate the right for individualized and holistic education and introduce inappropriate curricula that are compulsorily and uniformly applied to all students (Raptis & Rapti, 2006) . Undoubtedly, Information and Communication Technology (ICT) offers a great potential for critical thinking, autonomous learning and communication (Kolias, 1999; Komis, 2005) . However, it must be made clear that the use of new technologies is not a panacea and that "in vivo" education cannot and should not be in any way replaced. It is, also, quite obvious that the improper or incorrect use of ICT and the production of software that does not meet quality criteria and standards can cause learning gaps in the recipient (Kossyvaki, 2003) . Moreover, the rapid and unrestrained introduction of technology into educational life has already produced a new generation of "technological outcasts", in particular individuals who, due to their advanced age or because of deficiencies in learning experiences, have not come into contact with computers. These factors have led to an increase in educational inequalities (Bash, 2005; Hutton & Giddens, 2001 ). Thus, the educators themselves, who often tend to reproduce the stereotypes of the traditional education they have received, may need to have special training, in order to apply this technology in a proper pedagogical manner in the classroom.
ICT constitutes an invaluable tool which can modify the human behaviour without being an "end in itself". In the light of the above, the aim of the present study is to investigate the application of ICT in Primary Schools on the island of Lesvos, Greece and to research educators' beliefs about the effects of ICT on teaching, learning and cognitive processes and on the development of critical thinking.
The present article unfolds part of the outcomes of a wider research that explores the application of ICT in (Greek) primary schools and its impact on teaching, learning and cognitive processes, as well as on pupils' behavioural adjustment, as elicited by primary school teachers and pupils' responds. The research outcomes presented here record teachers' views -the individuals who play a decisive role within the area of education and are responsible for the realization of the goals of the educational system -on the contribution of ICT to the development of pupils' critical thinking skills.
Method

Participants
The sample of the research consists of 118 teachers working in primary schools on the island of Lesvos, Greece. The selection of the sample was based on two criteria: a) the specific teachers have daily and extensive, direct contact with students and, thus, a holistic view of their students and the educational tools utilized during the teaching and learning processes, b) according to prior research findings, one of the major inhibiting factors to the successful introduction of information technology into education and to the application of any innovations in general, are the teachers themselves. For they feel more secure and confident when they apply traditional teaching methods, which are familiar to them from their own learning experiences as students (Somekh, 2000; Muntaz, 2000) .
The Northern Aegean was selected to be the research area for the following reasons: a) the Greek regional policy is rather general and inadequate, as it does not take under consideration the particularities and the needs of insular regions, despite some efforts during the last decades towards this direction (e.g. Integrated Mediterranean Programme (1986 Programme ( -1992 , INTERREG, LEADER, etc); b) the Northern Aegean islands are the borders of the European Union, and c) there are socio-economic and educational inequalities, due to the insularity and the geographical discontinuity of the region.
A stratified sampling technique was used, in order to select the research sample (students and teachers) from a number of primary schools. Firstly, the selection of schools was based on specific criteria: geographical criteria, the population of pupils and teachers in each school, the instrumentality and type of school, e.g. morning classes only or all-day schools. The application of the stratified sampling technique ensured that the sample of respondents is satisfactorily representative, since sampling errors during the selection of schools were significantly reduced. During the second stage, a random sampling was applied within the selected schools in order to decide which teachers would participate in the research project.
The sample consists of 36 male (30.5%) and 82 female (69.5%) teachers. 25 (21.2%) of them are below the age of 30 years old, 40 (33.9%) are between the ages of 30 and 40, 45 (38.1%) are between the ages of 41 and 50, and 8 (6.8%) between the ages of 51 and 60. Only 24 (19.96%) subjects possess postgraduate degrees, whilst the rest 94 (80.34%) have no postgraduate qualifications. Finally, the 37.61% of the teachers declared that they had attended ICT training programmes in the past, while the 62.39 % had never participated in such seminars.
Instrument
The data elicitation instrument is a questionnaire, specially devised for the present research. Its construction was based on a) previous researches found in the international bibliography (Jonassen, 2000; Rumpagaporn & Darmawan, 2007; Vrasidas & McIsaac, 2001; Vosniadou, 2006) , b) the Greek curriculum for the subject of Information Technology, as being taught in primary schools, c) the directions and guidelines given by the Ministry of Education regarding the teaching of the specific subject (YPEPTH, 1998 (YPEPTH, , 2002 (YPEPTH, , 2003 and d) the researchers' experience in primary school education issues. In order to ensure the validity of the questionnaire, an attempt was made to base both the semantic, and the thematic content of the questions on the educational, psychological and sociological theories, as discussed in the preceding chapters. Special emphasis was, also, given on the semantic analysis, since there have been many debates recently on the degree to which factorial analyses and numerical correlations constitute psychological and sociological representations. Also, a questionnaire was distributed to thirty primary ICT teachers, who evaluated the scale's questions, based on a five-point scale (1=not relevant and 5=completely relevant), according to the relevance of the content with the application of ICT in primary schools. An analysis of the evaluation results (Mean=4.97) showed the validity and adequacy of the contents of the questionnaire. The reliability coefficient for the split-half test was found to be .90 and the internal consistency reliability coefficient .91.
The questionnaire includes seven thematic sections of "closed-type" questions. The first section aims at the investigation of the applicability and usefulness of ICT in the educational system (teachers, students and schools). The second section refers to the role of the teacher in modern schools. The third section is comprised of questions that refer to the possession of basic skills in computer operation by students. The fourth section refers to factors that hinder the introduction of ICT into primary schools. The fifth section contains questions that explore teachers' knowledge of the educational legislation, and the directions described in newsletters circulating in the educational field, concerning educational practice and the introduction of ICT into schools. The sixth section investigates issues relevant to teachers' training in ICT. Finally, in the last section school is sociologically approached, and its role in modern society is examined. At the beginning of the questionnaire, a number of questions aim at eliciting information concerning the gender, the age, the specialization, the possession of post-graduate qualifications and the teaching experience of the teachers.
The answers to the questions are given through a four-point Likert scale, where 1=not at all and 4=a lot. This scale is used for all the questions, except those in the third and the fifth section, where answers are given in the dipole format of 1=no and 2=yes. Moreover, the answers to the questions in section 4 are given through a multiple choice format and the answers in section 7 via a three-point scale, where 1=disagree, 2=agree and 3=do not know / will not answer.
Results
Teachers' opinions about the effect of ICT on the development of pupils' critical thinking are analyzed through thirteen (13) questions in the first two sections of the questionnaire, which refer to critical thinking skills. Firstly, percentage based analyses are provided along with a hierarchical classification of significance regarding the questions which relate to the development of critical thinking. These are followed by an analysis of statistically significant differences in relation to independent variables: the gender of the teachers, their post-graduate qualifications, their training in ICT, their age and the years of teaching experience.
According to the data analysis, a percentage of teachers, ranging from 65.20% to 93.91%, believe -from a fair degree or to a large degree -that the use of ICT assists students to: realize their strengths and weaknesses, identify possible errors during problem-solving, develop new strategies that facilitate their educational goals, express ideas and opinions without the fear of possible negative evaluations, and to set their own pace during the learning process. The sample group also expressed the beliefs that ICT: provides opportunities for the application of collaborative teaching and individualized learning, assists in multi-thematic approaches towards an object of knowledge, allows multi-faceted representations of meanings and notions, and enhances pupils' active and autonomous involvement in the learning process. However, there is also a percentage of teachers, from 6.09% to 34.7%, who do not favor the use of ICT, providing mostly "not at all" or "a little" as responses. The chi-square criterion was used to examine the variance in teachers' opinions and it was found that there was a statistically significant difference in opinions (table 1). As far as the contributions of ICT to the development of learners' critical thinking are concerned, 65.20% of the teachers believe "fairly" or "a lot" that the use of ICT enhances critical thinking, while 34.70% of the teachers state opposing opinions (table 1).
[ Table 1 about here] Accordingly, regarding the statement: "Greek schools cultivate the development of critical thinking in students", a small percentage of teachers, 6.17%, responded negatively. In contrast 30.17% responded positively. However, over half of the teachers, 64.66%, selected the "do not know / will not answer" response. The chi-square criterion was again used to examine the variance in teachers' opinions and it was established that a statistically significant difference existed (table 2).
[ Table 2 about here]
In order to further evaluate teachers' responses, the multivariate analysis of variances with repeated measures was applied. The analysis showed a statistical significance: Hotelling's Trace, F (11, 107)=9.849, p=.000, η 2 = .52. The comparison for the primary function also showed statistical significance: F (1, 117)=114.86, p<.001, η 2 = .51.
[Diagram 1 about here]
As depicted in Diagram 1, the mean scores are ranged in a hierarchically incremental order and the differences between them are statistically significant. According to teachers' responses, the multi-thematic approach towards an object of knowledge, the multi-faceted representations of meanings and notions, and the expression of ideas without the fear of a possible negative evaluation are the most significant effects of ICT on learning.
The second grouping, in hierarchically incremental order of importance, which seems to be supported to a large extent by the teachers, is that ICT supports individualized and inventive learning, contributes to the development of strategies for the successful accomplishment of learning goals, and promotes pupils' autonomy and active involvement in the learning process. The third grouping, in hierarchically incremental order of importance, includes opinions related to: the application of ICT for the identification of possible errors during problem-solving processes, the facilitation of collaborative learning, students' awareness of their strengths and weaknesses, and opinions regarding the impact on learning procedures regarding the individual pace of learning of each student. The last grouping in the hierarchical order is the belief that ICT contributes to the development of students' critical thinking.
No statistically significant differences were found, regarding the teachers opinions about research questions concerning critical thinking, regarding the variables of gender, age, and training in ICT. On the contrary, significant differences were established in the case of the possession of a second university degree or post-graduate qualifications (Table 3 ). The analysis of the data regarding the variable "post-graduate qualifications", in reference to the question: "Does the use of ICT lead to the development of learners' critical thinking?" was carried out using the Mann-Whitney Test, since the number of subjects in each group would not allow the deduction of reliable results.
[ Table 3 about here]
The results of the analysis showed that subjects with post-graduate qualifications, as opposed to those without, had statistically significant negative opinions regarding the statements that ICT: a)gives students the opportunity to set and follow their own pace of learning, b)encourages the testing and free expression of ideas without the fear of possible negative evaluations, c)supports teachers when utilizing collaborative learning, d)creates opportunities for the utilization of a multi-thematic approach towards an object of knowledge, e)allows the presentation of multi-faceted representations of meanings and notions and f)enhances students' autonomy and active involvement in the learning process. It is quite obvious that post-graduate qualifications considerably influence and lead to significant differences in teachers' opinions regarding the effect of ICT use on the development of critical thinking. Durkheim (1956) emphatically expresses the significance of the distinct role that education plays in the formation of personality traits in young people, the need for maintenance of social cohesion and the pressures exercised on the new members for their "smooth" entry and integration into society. Thus, education aims to prepare citizens for entry into a society which, on general grounds, will be similar to the society that defined the aims and the practices of their education. Nowadays, we are educating a generation which will live in a drastically different environment; the rapid pace with which human knowledge is being developed often renders the information that students are receiving obsolete and deficient, even before they have completed their basic education (Castells, 1996; Kelly, 2006) .
Discussion
ICT contributes to the rapid changes in the social-political-economic structure of societal becoming and builds a new economy based on knowledge, upgrading at the same time the role of human potential. According to the aforementioned, the new model citizen is no longer an individual that merely assimilates defined knowledge and skills supplied by the educational system but, on the contrary, one that can collect information from a variety of sources, evaluate it and then act based on their own reasoning. Future citizens will be judged according to their ability to continuously absorb new knowledge in a constantly changing environment and the ability to proceed to the application of this knowledge. Modern schools must orient themselves towards the active involvement of students in the learning process through activities which aim at developing autonomy, discovery, motivation and the skills which are necessary for life-long learning (Papert, 1980; Raptis & Rapti, 2006) .
It is, thus, imperative for teachers to set clear goals and orient their teaching towards the preparation of citizens possessing the capacity for critical thinking, citizens that will be capable of responding to the rapid changes taking place in the global economy and society and to the technological advances that have been made over the past fifty years. Changes which necessitate that those citizens are capable of responding to the expectations of modern societies. (Bagakis, 2005; Matsaggouras, 2004; Mumtaz, 2000) .
According to the research results, a significant number of teachers believe that the introduction of ICT into the educational curricula: helps students realize their strengths and weaknesses, indicates methods to develop new strategies in order to achieve learning goals and assists students to gain knowledge through active involvement and autonomous behavior. At the same time, the use of ICT facilitates teaching, providing opportunities to apply a variety of modern didactic techniques (collaborative teaching, individualized and inventive learning, multi-thematic approaches, etc.). Teachers believe that ICT allows for: a multi-thematic approach to an object of knowledge, multi-faceted representations of meaning, and the acquisition of knowledge without difficulty. The aforementioned are important since they reveal to the student that learning -as well as the didactic techniques that are elements of the educational praxis-has been modified and no longer follows the traditional model, where the teacher is defined merely as a "diffuser" of the knowledge found in invariable and unchanging books and teaching materials. Instead, the modern teacher should view and treat students as active participants in the process of knowledge acquisition and try to encourage them to voice their ideas, to think on real-life situations, relevant to their experiences (Hargreaves, 1999; Kossyvaki, 2003; Matsaggouras, 2004; Trilianos, 2000) .
The effective teacher should possess knowledge and skills, which must be able to effectively utilize during the teaching process. He/she should assume the role of a mentor and be the intermediary between the computer, the software or information and the student, so that he/she can assist pupils and fortify their learning experiences. This last point is linked to the facts that: a) a portion of the teachers, ranging between 6.09% and 34.70%, believe only "a little" or "not at all" with the abovementioned point and b) and that, on the hierarchical scale, teachers believe only to a small degree that ICT can enhance the development of critical thinking. An explanation for these results may be that the culture of the traditional school does not easily allow for the introduction of innovations and resists attempts for the remodeling or the improvement of the curricula and the school environment. Unfortunately, when new technologies started entering the classrooms, most of the teachers tried to use them-due to lack of training-as part of their traditional teaching methods, which only aimed at the transmission of knowledge (Raptis & Rapti, 2006) . This is the primary reason why many research reports did not show any positive outcomes from the utilization of technology in education. This preponderance towards neutral or negative findings, and the theoretical and impractical nature of training, regarding the introduction of ICT into education is also linked to the reality that teachers without post-graduate qualifications have a more positive attitude, compared to those with post-graduate qualifications, towards the beneficial contribution of ICT to the teaching and learning process and, more specifically, to the creation of conditions for the development of critical thinking. It should be noted that teachers' doubts about the positive impact of ICT on the development of critical thinking and learning in general, have an important effect on the generation of stereotypes and viewpoints that define the teaching practices and methodology (Kordaki, 2001; Kynigos & Xenou, 2000; Politis, Roussos, Tsaousis & Karamanis, 2000) . Moreover, the majority of the teachers have not yet realized the orientation that education should have: the creation of autonomous citizens, capable of critical thought. The fact that over half of the teachers (64.66%) avoided to answer the question "Is critical thinking developed within the educational system?" brings us face to face with an unfortunate reality. This fact necessitates the application of procedures that will bring about the sensitization, the training and the lifelong education of the teaching staff-procedures that differ drastically from those that were the practices until now (Darling-Hammond, 2000; Panitsidou & Papastamatis, 2009) . It is important for every educational system to invest in the training of the teaching staff in ICT, in the appropriate equipment of schools, and in the creation of a broad communication network between schools. What is more, the educational materials, which are going to be incorporated into the teaching and learning process, should aim at the creation of a student-cantered learning environment and the cross-thematic approach of knowledge, through active and participatory learning procedures. Note: 1. ICT grants the ability to utilize multi-thematic approaches towards an object of knowledge. 2. ICT allows the presentation of multi-faceted representations of meaning. 3. ICT gives a student the opportunity to test out various versions of their opinion and knowledge without the fear of being characterized negatively. 4. ICT accommodates teaching staff when utilizing individual-to-individual and inventive learning. 5. ICT assists a student to develop new strategies in order to achieve learning goals. 6. The utilization of ICT increases the active and autonomous behavior of students. 7. ICT helps a student to pinpoint mistakes in problem solving procedures. 8. ICT accommodates teaching staff when utilizing collaborative learning. 9. ICT accommodates teaching staff when utilizing group teaching. 10. The utilization of ICT assists a student in becoming aware of their strong and weak points. 11. The utilization of ICT gives a student the opportunity to set the rhythm and pace of their learning. 12.
ICT leads to the development of critical thinking in students.
